Abstract: The present study was conducted to investigate the influence of rehydration with diluted sports drink and water gargling on salivary flow, pH and buffering capacity during exercise. Nineteen participants performed a 30-min bicycle ergometer exercise at 80% of maximal heart rate while consuming a sports drink, followed by gargling with water, or no gargling, immediately after the exercise (Exp. 1). The same experiment was then conducted on 9 participants who drank 1.5-fold diluted sports drink (Exp. 2-A) and 10 who drank 2-fold diluted sports drink (Exp. 2-B). Paraffin-stimulated whole saliva samples were collected for 3 min before, during and after exercise, and salivary parameters were examined using a hand-held pH meter. Statistical significance was assessed using multi-factor ANOVA and TurkeyKramer test (P < 0.05). The decrease in salivary pH was significantly suppressed after water gargling in Exp. 1 (P < 0.01) and Exp. 2-A (P < 0.001). Dilution of the sports drink had an interactive effect with water gargling in Exp. 2-B (P < 0.01). These results suggest that gargling with water suppresses the decrease of salivary pH resulting from sports drink rehydration during ergometer exercise, but that this effect may be lost if athletes consume sports drink that has been diluted 2-fold with water.
Introduction
It has been reported that the DMFT index and the risk of dental erosion is relatively higher in athletes than in the general population (1,2). Needleman et al. reported that 55.1% of athletes participating in the London 2012 Games (age range 16-47 years) had dental caries (3) . On the other hand, a survey of dental diseases conducted in Japan in 2011 reported that 40.0% of individuals aged 15-39 years had filled and/or decayed teeth. In general, the dental caries and erosion seen in athletes is thought to be caused by dry mouth resulting from exercise-induced dehydration, high consumption of sports drinks and food products, and also inefficient brushing of teeth due to physical fatigue (1, 2) . The presence of dry mouth and dehydration in athletes suggests a decrease in the salivary flow rate, leading to a decline in oral irrigation function (4, 5) . Many athletes drink isotonic solutions and/or soft drinks to prevent excessive dehydration and changes in electrolyte balance, and also to maintain salivary secretion function. Peter et al. studied the effects of rehydration on performance following moderate dehydration, and found that the constituents of drinks, i.e. simple transportable monosaccharides and sodium, are important for maximal exercise performance and effective recovery from dehydration associated with endurance exercise (6) . On the other hand, these drinks have a high acid and/or sugar content, and a previous study in our laboratory found that consumption of sports drinks during exercise-induced dehydration decreased both salivary pH and salivary buffering capacity (7) . ), which are important for prevention of dehydration and recovery from fatigue. Athletes and their coaches consciously rehydrate with sports drinks to prevent dehydration and body fatigue, which are directly linked to performance (7) , and in fact some consider that sports drinks directly contribute to improved performance. Accordingly, for athletes and other individuals who consume sports drinks during exercise, methods for improving the intraoral environment and oral care would be worth investigating.
Rehydration with sports drinks prevents dehydration, but as such drinks have a low pH, they cause a decrease of intraoral pH and buffering capacity (7) . In the present study, therefore, we investigated the influence of gargling after sports drink rehydration on salivary flow, pH and buffering capacity before and after exercise in healthy volunteers. We also examined the effect of sports drink dilution for maintaining the oral environment, and the combined effects of both drink dilution and gargling.
Materials and Methods

Subjects
Experiments were performed on 19 healthy volunteers (8 men: age, height, and weight, 25.3 ± 3.2 years, 170.1 ± 6.6 cm, and 62.9 ± 7.3 kg (mean ± SD), respectively; 11 women: age, height, and weight, 23.1 ± 3.1 years, 160.5 ± 4.0 cm, and 53.5 ± 4.3 kg (mean ± SD), respectively). All were fully dentate and had no oral disorders or braces. The study was approved by the Ethics Committee for Human Research at the Faculty of Dentistry, Tokyo Medical and Dental University (No. 899), and informed consent was obtained from all participants according to institutional guidelines.
Study design
The experimental procedures are shown in Fig. 1 . First, in Exp. 1, all participants performed bicycle ergometer exercise at 80% of maximal heart rate for 30 min under two conditions: Cond.1 [Sports drink-no gargling] sports drink alone (Aquarius, Coca-Cola & Co., Ltd., Tokyo, Japan; pH = 3.6) for rehydration and Cond.2 [Sports drink-gargling] sports drink only for rehydration, followed by gargling with water immediately after exercise. Aquarius is one of the most popular sports drinks consumed in Japan.
Additional experiments were then performed by dividing the participants into two groups. Nine participants performed bicycle ergometer exercise at 80% of maximal heart rate for 30 min under two conditions: Cond.3 [Sports drink diluted 1.5-fold-no gargling] sports drink diluted 1.5-fold with mineral water (pH = 7.0; Evian, Danone Waters of Japan Co., Ltd., Tokyo, Japan) for rehydration, and Cond.4 [Sports drink diluted 1.5-gargling] sports drink diluted 1.5-fold for rehydration, followed by gargling with water immediately after exercise (Exp. 2-A). The other 10 participants performed bicycle ergometer exercise at 80% of maximal heart rate for 30 min under two conditions: Cond.5 [Sports drink diluted 2-fold-no gargling] sports drink diluted 2-fold for rehydration, and Cond.6 [Sports drink diluted 2-fold-gargling] sports drink diluted 2-fold for rehydration, followed by gargling with water immediately after exercise (Exp. 2-B). The pH of the sports drink was 3.7 and 4.1 when diluted 1.5-fold and 2-fold, respectively.
Experiments
The tests were conducted at least 2 h after the last meal and at least 1 h after tooth brushing (5-7). The test exercise on the ergometer (Aerobike Ai, Combi Wellness Corporation, Tokyo, Japan, Fig. 2 ) consisted of a warm-up (5 to 10 min), 30 min of exercise at an intensity of 80% of maximal heart rate according to gender and age, and a warm-down exercise (1 min). The ergometer recorded the heart rate in real time from a sensor attached to the earlobe. It automatically controlled the load of the pedal for exercise at the intensity determined from the heart rate.
Participants received hydration four times; before exercise, 10 min after the start of exercise, 20 min after the start of exercise, and immediately after finishing the exercise, and 150 mL was consumed each time, to give a total rehydration of 600 mL. Cond.2 [Sports drinkgargling], Cond.4 [Sports drink diluted 1.5-gargling], and Cond.6 [Sports drink diluted 2-gargling] involved an additional three sessions of bubbled gargling with mineral water immediately after exercise. The bubbled gargling was performed for 10 s with 30 mL of mineral water each time. This procedure was designed to move the water inside the mouth by tightly closing the lips and inflating the cheek vigorously, repeating this so that the effects of gargling could be obtained. Each condition was tested in randomized order on different days. The room temperature was maintained at 23ºC. The temperature of the beverages was 10-11ºC. These conditions are shown in Table 1 .
Saliva collection
Paraffin-stimulated whole saliva samples were collected before, and right (0 min), 30 min and 60 min after the exercise to measure the salivary flow rate, pH and buffering capacity. Saliva production was stimulated by chewing a piece of unflavored paraffin wax for 3 min and 30 s. After 30 s of pre-stimulation, whole saliva samples were collected in a container for 3 min. The volume of stimulated whole saliva samples was then measured. Whole saliva samples were collected before, during and after exercise. Salivary pH and buffering capacity were measured using a hand-held pH meter (LAQUAtwin, Horiba Ltd., Kyoto, Japan; Fig. 3 ). Calibration of the pH meter was done for each participant and each test using Fig. 2 The ergometer, Aerobike Ai. This is the ergometer (Aerobike Ai, Combi Wellness Corporation, Tokyo, Japan) that was used in this study.
Fig. 3
The hand-held pH meter, LAQUAtwin. A hand-held pH meter (LAQUAtwin, Horiba Ltd., Tokyo, Japan) was used in this study. dedicated standard solutions with pH values of 4.0 and 7.0. Salivary pH was directly measured from a 0.25-mL saliva sample placed on the electrode sensor of the pH meter. To examine the salivary buffering capacity, 0.25 mL of dedicated lactic acid solution (pH 3.0) was dropped into the saliva sample on the electrode sensor. The pH meter was gently shaken for 20 s to mix the saliva sample and the lactic acid solution.
Statistical analysis
Our study aimed to investigate the influence of gargling after rehydration with sports drink on salivary flow, pH and buffering capacity before and after exercise in healthy volunteer participants (Exp. 1). We also examined the effect of diluted sports drink in maintaining the oral environment, and investigated the combined effects of dilution and gargling in Exp. 2. Therefore, the statistical significance of the results was analyzed using two-way (Exp. 1) and three-way (Exp. 2) ANOVA (P < 0.05). The effects of the tests were the presence of dilution (Exp. 2), water gargling or no water gargling (Exp. 1 and 2), and time course (Exp. 1 and 2). ANOVA was performed separately for each experiment. When the ANOVA demonstrated significant differences, Tukey-Kramer tests were performed (P < 0.05).
Results
Salivary flow
The results of 2-way ANOVA for Exp. 1 showed no significant interactions and differences (Table 2) . Threeway ANOVA for Exp. 2-A and 2-B revealed no significant interactions for dilution, whether gargling was performed or not, and the time course (Table 2) . For all conditions, there were no significant differences in salivary flow rate during the experiment (Fig. 4) .
Salivary pH
Exp. 1
The results of two-way ANOVA for Exp. 1 showed significant differences according to whether gargling was performed or not (P < 0.01), and for time course (P < 0.01) ( Table 3 ). In Cond.1 and Cond.2, salivary pH decreased significantly by 0.38 and 0.23 immediately after exercise, respectively, and recovered to the control pre-exercise level by 30 min after exercise (Fig. 5 ).
Exp. 2-A and 2-B
For Exp. 2-A, 3-way ANOVA revealed that there were significant differences according to the presence of dilution (P < 0.001), whether gargling was performed or not (P < 0.01), and time course (P < 0.001) ( Table 3 ). In Cond.3, salivary pH decreased significantly by 0.17 immediately after exercise and recovered to the control pre-exercise level by 30 min after exercise. In Cond.4, salivary pH remained almost constant throughout the experiment, and there were no significant differences.
For Exp. 2-B, 3-way ANOVA showed significant interaction between whether dilution was present and whether or not gargling had been performed (P < 0.01) ( Table 3 ). In Cond.5 and Cond.6, salivary pH remained almost constant throughout the experiment and there were no significant differences.
Salivary buffering capacity
Exp. 1 Two-way ANOVA revealed that there were significant differences in time course (P < 0.001) ( Table 4 ). In Cond.1 and Cond.2, salivary buffering capacity decreased significantly by 0.57 and 0.68 immediately after exercise, respectively, and recovered to the control pre-exercise level by 30 min after exercise (Fig. 6 ).
Exp. 2-A and 2-B
For Exp. 2-A and 2-B, 3-way ANOVA showed that there were significant differences in time course (P < 0.05) ( Table 4 ). In Cond.3 to Cond.6, salivary buffering capacity decreased significantly by 0.13 to 0.43 immediately after exercise and recovered to the control pre-exercise level by 60 min after exercise (Fig. 6 ).
Discussion
Saliva collection
In general, salivary rates can be measured in the resting state or in stimulated states (8) . Bicarbonate ions in resting saliva are less concentrated than in stimulated saliva, making the salivary buffering action of resting saliva weak. Resting saliva also takes longer time to collect. Therefore, in the present study, paraffin-stimulated whole saliva samples were collected.
Change in salivary flow
It has been reported that the mean stimulated salivary flow rate induced by chewing is 1.6 mL/min (8) . In Exp. 2-B, the mean salivary flow rate before exercise was <1.6 mL/min. The rise in body temperature during exercise is regulated by perspiration, when water and electrolytes are lost, and therefore protein is used as an energy source by the body during exercise (9) . Electrolyte levels also affect muscle activity. Inadequate water intake during or before and after exercise causes build-up of osmotic pressure due to decreasing levels of electrolytes and protein (9) . Plasma water moves between tissues and cells through a vascular wall (9) . This causes rehydration. In addition, metabolism is inhibited by lack of electrolytes, and this is thought to cause a drop in performance (6) .
More than 99% of saliva consists of water, but blood is also necessary for the generation of saliva. Saliva formation is significantly affected by blood volume in the salivary gland and the supply of energy and oxygen. On the other hand, the production of saliva during exercise is inhibited because of the decrease in plasma volume during exercise due to transport of moisture to active muscles. Filtration of water is promoted by the high pressure of intracapillary vessels with vasodilation of active muscles and water flow to cells through an increase in the concentrations of metabolites such as lactic acid inside active muscles and the osmotic pressure gradient between the internal and external cell milieu (9) . Therefore, rehydration during exercise prevents dehydration and the decline of performance, and accordingly inhibits the decrease in salivary flow (6, 10) .
In this study, subjects rehydrated under all conditions and there was no significant difference in salivary flow rates during the experiments. In general, it is considered that the adequate degree of rehydration during exercise is about 100-200 mL per 10-15 min, and many researchers suggest that it is important to understand the need for rehydration to prevent heat exhaustion (11) . Therefore, our subjects were instructed to consume 150 mL at one time, up to a total of 600 mL. Previous studies had indicated that the taste of sports drink brings about a difference in the quantity of fluid intake during sports and exercise when subjects rehydrate themselves at will (7, 12) . In another study, a commercially available sports drinks scored significantly higher in terms of overall acceptance, flavor, sweetness, and thirst quenching ability than diluted orange juice, homemade sports drinks, and water (13) . Therefore, sports drink was suggested to have a more inhibitory effect on salivary secretion than mineral water when used for rehydration (12) . In the present study, there were no significant interactions on salivary flow according to whether sports drink was diluted. Adequate rehydration during exercise inhibits the decrease of salivary flow, and would hence reduce the risk of caries and tooth erosion.
Effect of diluted sports drink on salivary pH and buffering capacity
It is known that carbonic acid decreases the blood pH, and that salivary secretion always requires adequate nutrients from blood. The change in salivary pH depends on the level of CO 2 in the blood. With an increase in blood CO 2 levels, a higher concentration of CO 2 is transferred from the blood to the saliva, and salivary pH consequently decreases (14) . This function could explain the decrease in salivary pH during and after exercise compared with that before exercise. Salivary pH is maintained at about 6.8-7.0 to ensure the maintenance of tooth structural integrity. Below the critical pH of 5.5, calcium phosphate salts dissolve from the enamel, leading to cavity formation (15) .
Salivary buffering capacity depends mainly on bicarbonate ions secreted from within the ducts, which help to neutralize the increased amount of acid produced by oral microbes. From the viewpoint of caries, it would seem logical to measure the salivary acid-buffering capacity by determining the change in salivary pH upon addition of a fixed quantity of acid to a fixed quantity of saliva. Methods for measurement of salivary buffering capacity have included pH-sensitive dyes, pH meters, and pH test papers. However, these approaches rely on subjective interpretation. The LAQUAtwin, which we used in this study, makes it easy to evaluate the buffering capacity of saliva. The criteria used for evaluation of salivary buffering capacity are: high, >5.8; moderate, 4.8-5.7; and low, <4.8. However, there may be individual and age differences in salivary buffering capacity. Nakano et al. and Yamamoto-Nakano et al. indicated that exercise is a significant factor that can reduce the buffering capacity of saliva, as well as the salivary flow rate, and thus there is some possibility of an increased risk of dental caries and erosion, regardless of gender (5, 6) .
In this study, we tested two sports drink dilution ratios: 1.5-and 2-fold. The dilution ratio was based on the results of a pilot study and previous research on the palatability of beverages to athletes. Approximately 60% of our subjects stated that they consumed beverages that had been diluted 2-fold or less during sporting activities, because the original sports drink was too sweet for them. A previous study of beverage preference in heatexposed workers suggested that 2-fold diluted sports drink received the best evaluation (16) . Okamura et al. mentioned that many athletes consumed sports drinks diluted 2-to 3-fold in actual sports events because of depressed taste sensitivity to sucrose resulting from physical fatigue. However, other studies showed that the taste threshold did not change, or even increased during exercise. Therefore it can be considered that the taste threshold may be affected by various factors such as exercise intensity and the hygrothermal environment.
Many sports drinks contain acids such as citric acid, and their pH values range from 3 to 4. In the present study, we used sports drink with a pH of about 3.6. As mentioned previously, if sports drinks are consumed continuously during exercise, salivary pH and buffering capacity will decrease after exercise. Our results are in line with this (Cond.1 [Sports drink-no gargling]), and suggest that consuming a low-pH beverage such as a sports drink during exercise will reduce the salivary pH and buffering capacity, and time will be needed for recovery to the baseline.
In These results indicate that consumption of sports drinks diluted with mineral water during exercise leads to a mild degrease in salivary pH and buffering capacity after exercise, and thus intraoral acidity becomes weakened. However, diluted sports drink may not be nutritionally appropriate, and further examination of this issue will be required in the future.
Water gargling after exercise
In Cond.2 [Sports drink-gargling], water gargling after exercise led to a significant decrease of salivary pH immediately after exercise compared with that before exercise, 30 min after exercise, or 60 min after exercise, but the decrease in salivary pH immediately after exercise was slower than for Cond.1 [Sports drink-no gargling]. However, in Cond.4 [Sports drink diluted 1.5-gargling] and Cond.6 [Sports drink diluted 2-gargling], there were no significant differences in salivary pH. Therefore, it was suggested that salivary pH was influenced by water gargling, and that this suppressive effect was weakened according to the degree of sports drink dilution.
However, salivary buffering capacity immediately after exercise decreased significantly compared with that before exercise in Cond.2 [Sports drink-gargling], Cond.4 [Sports drink diluted 1.5-gargling], and Cond.6 [Sports drink diluted 2-gargling]. However, dilution of sports drink and water gargling tended to reduce the loss of salivary buffering capacity immediately after exercise. This was probably because salivary buffering capacity depends mainly on the presence of bicarbonate ions, and whether or not water gargling was performed did not influence the change in salivary buffering capacity. In any event, the number of gargling sessions may have been insufficient, or the gargling time may have been too short to allow any significant results to emerge. More detailed experiments to determine the effects of gargling are needed.
Effective oral care for athletes
Although salivary flow after exercise would not be affected by consumption of sports drinks during exercise, the salivary pH and buffering capacity after exercise decreased and recovered to the baseline within about 60 min. This would make it difficult to control the risk of dental caries and erosion. However, from the present findings, it can be inferred that consumption of diluted sports drink during exercise and gargling after exercise would inhibit the decrease in salivary pH and buffering capacity. Our results are informative for devising an approach for oral care in athletes and non-athletes, and provide useful information about how better oral health care can be achieved in athletes.
To prevent degradation of athletic performance, it is very important to supply water, electrolytes and nutrients that are lost during exercise. Therefore, dentists and dental hygienists should inform athletes, non-athletes and coaches about the merits and demerits of consuming sports drinks, the need to consume diluted sports drink and perform gargling after exercise, and to maintain daily oral care such as tooth brushing after meals.
The conclusions are as follows.
1. There were no significant changes in salivary flow during bicycle ergometer exercise at 80% of maximal heart rate for 30 min while consuming a sports drink. 2. Water gargling significantly suppressed the decrease in salivary pH resulting from rehydration with a sports drink during exercise. The effect was maintained when the drink was diluted 1.5-fold with water. 3. Salivary buffering capacity decreased significantly immediately after exercise while consuming the sports drink, even when it was diluted 2-fold with water.
